The regulation of cyclin-dependent kinase 5 activity through the metabolism of p35 or p39 Cdk5 activator.
Cyclin-dependent kinase 5 (Cdk5) displays kinase activity predominantly in post-mitotic neurons and its physiological roles are unrelated to cell cycle progression. Cdk5 is activated by its binding to a neuron-specific activator, p35 or p39. The protein amount of p35 or p39 is a primary determinant of the Cdk5 activity in neurons, with the amount of p35 or p39 being determined by its synthesis and degradation. The expression of p35 is induced in differentiated neurons and is enhanced by extracellular stimuli such as neurotrophic factors or extracellular matrix molecules, specifically those acting on the ERK/Erg pathway. p35 is a short-lived protein and its degradation determines the life span. Degradation is mediated by the ubiquitin/proteasome system, similar to that for cyclins in proliferating cells. Autophosphorylation of p35 by Cdk5 is a signal for ubiquitination/degradation, and the degradation of p35 is triggered by glutamate treatment in cultured neurons. p35 is cleaved to p25 by calpain at the time of neuronal cell death, and this limited cleavage is suggested to be the cause of neurodegenerative diseases such as Alzheimer's disease. Active Cdk5 changes the cellular localization by cleavage of p35 to p25; p35/Cdk5 is associated with membrane or cytoskeletons, but p25/Cdk5 is a soluble protein. Cleavage also increases the life span of p25 and changes the activity or substrate specificity of Cdk5. p25/Cdk5 shows higher phosphorylating activity to tau than p35/Cdk5 in a phosphorylation site-specific manner. Phosphorylation of p35 suppresses cleavage by calpain. Thus, phosphorylation of p35 modulates its proteolytic pattern, stimulates proteasomal degradation and suppresses calpain cleavage. Phosphorylation is age dependent, as p35 is phosphorylated in foetal brains, but unphosphorylated in adult brains. Therefore, foetal phosphorylated p35 is turned over rapidly, whereas adult unphosphorylated p35 has a long life and is easily cleaved to p25 when calpain is activated. p39 is also a short-lived protein and cleaved to the N-terminal truncation form of p29 by calpain. How the metabolism of p39 is regulated, however, is a future problem to be investigated.